Over the last seventy years, all states in the U.S. began to publicly subsidize kindergarten using state revenue. The variation in adoption dates across states allows for a unique opportunity to measure the effectiveness of the largest early education program implemented in recent history. The significant, immediate increase in the availability of kindergarten within a state is used to identify the effect of enrollment in kindergarten. The estimated effects from the instrumental variables specification indicate that kindergarten decreases later grade failure by 64 percent. In addition, the present study examines what types of children benefit from the increased availability of kindergarten using a reduced form model. Black children and children of low socioeconomic status benefit the most from the increased availability of kindergarten. Black children with access to kindergarten are 27 percent less likely to fail a grade in school and earn wages 4 percent higher as adults. Children of the poorest quartile of parents are 35 percent less likely to fail a grade. Overall, kindergarten has a significant and positive effect on academic and labor market outcomes primarily for black individuals and those who grow up in a lower socioeconomic status.
Introduction
Over the last 70 years, a massive adoption of kindergarten in the public primary school system occurred in all 50 states in the U.S. This resulted in a dramatic increase in the availability of early childhood education. Recently, there has been a renewed push to increase the prevalence of early childhood education programs by such means as publicly provided full-day kindergarten or universal preschool. This paper hopes to shed light on the likely effects of these recent initiatives by examining the effect of the large-scale implementation of kindergarten programs in the middle of the last century. In particular, this study assesses how attending kindergarten benefits students and, more specifically, what types of children benefit from attendance. Do boys benefit more than the girls? Black children more than white children? Poor more than rich? In addition to determining who benefits from attending publicly supported kindergarten, this paper also estimates the magnitude of the effect.
Frederick Froebel formed the first kindergarten in Germany in 1837. The curriculum emphasized socialization and readied children for primary education. The kindergarten movement later expanded to the United States, taking root in Wisconsin nineteen years later.
Over the next several decades, many towns and cities started offering kindergarten. Initially, all kindergarten funding came from either private or local sources such as local philanthropic organizations, private tuition payments, or local tax dollars. However, between 1935 and 1986, all U.S. states transitioned to subsidizing kindergarten using state revenue. This enabled states to provide kindergarten as a part of their public primary school educational system. In most states, this subsidization enabled a public school to count kindergarten students as a part of their enrollment for the purposes of calculating state aid. In other cases, the district or school was given additional state money in the form of a grant or appropriation for providing kindergarten.
This decreased the districts' costs of providing kindergarten, thus increasing its availability. Ohio was the first state to subsidize kindergarten in 1935. The rest of the country followed and began subsidizing kindergarten during the next fifty years. Mississippi was the last state to join the movement when it began subsidizing kindergarten with state revenue in 1986.
Very few researchers have examined the educational or labor market effects of kindergarten attendance. Cascio (2004) uses a similar methodology to this paper to look at the average effect of kindergarten enrollment in Southern and Western states. She finds that, on average, state funding of kindergarten decreases the probability that a child repeats a grade by 2 percentage points but that it had no effect on the rate of high school dropouts. Using the Current Population Survey, she finds some evidence that minority children benefit more than nonminority children. Spiess, Büchel and Wagner (2003) examine the effects of attending kindergarten in Germany. They find no significant relationship between kindergarten attendance and later school track placements for children of native German households. However, they find that children of immigrant households do benefit in terms of track placements from attending kindergarten.
Additionally, the evidence is mixed regarding the benefits of full-day kindergarten as opposed to half-day kindergarten. Clark and Kirk (2000) survey the literature and find diverse results. Much of the recent research finds a small positive effect on academic achievement and behavior (see DeCicca (2006) , Fusaro (1997) , and Walston & West (2004) ). However, there are also many researchers who find no difference in later academic achievement between full-day and half-day kindergarten attendance (Karweit (1992) ). Cannon, Jacknowitz and Painter (2004) find that full-day kindergarten increases behavior problems for boys but that it also increases math scores for girls. Unfortunately, many of these studies on kindergarten efficacy rely on small sample sizes that are neither representative nor adequate as to the size of their control groups.
The literature regarding preschool and earlier childhood education and intervention programs is much larger than that for kindergarten. Currie (2001) reviews the economics literature and finds that programs such as Head Start and closely related preschool and early school enrichment programs have significant short and medium-term benefits and that the effects are usually greater for disadvantaged children.
1 Gormley and Gayer (2003) examine a newly implemented pre-kindergarten program in Oklahoma and find that the program increased cognitive/knowledge scores, motor skill scores, and language scores for Hispanic and black children but had little impact on white children. A recent paper by Baker, Gruber and Milligan (2005) examines the introduction of universal childcare in Quebec in the late 1990's. They conclude that the children were actually worse off by becoming more hostile, possessing less motor and social skills, and tending to become ill more often. This study uses data for the entire United States to estimate the effect of kindergarten enrollment on future academic and labor market outcomes. More specifically, the impact of state sponsored kindergarten can be examined across four dimensions by exploring differences in (1) how boys and girls respond, (2) how children of different races are affected, (3) how children of different socioeconomic status respond, and (4) how children of different ages are affected. The paper focuses on the following outcomes: grade failure, educational attainment, and labor market outcomes, such as wages and employment status. The evidence shows that attending kindergarten decreases the probability that a child fails a grade and increases the probability that a child finishes high school and becomes employed. There is little evidence of gender differences in reduced grade failure rates and some evidence that children of relatively different ages are affected differently due to kindergarten availability. However, large differences appear in grade failure between white and black children and between children of different socioeconomic statuses. More specifically, black children's failure rate is decreased by about 27 percent while white children benefit by about 15 percent. Consistent with this difference, the hourly wage rate for black children increases by about 4 percent later in life. The biggest gap between groups is between socioeconomic groups. The poorest children are about 26-35 percent less likely to fail a grade after the introduction of state funded kindergarten, while there is no effect on the failure rate of rich children.
Econometric Model

A. Cohort Level -Two Stage Least Squares
Ideally, one can estimate the effect of kindergarten attendance on future academic and labor market outcomes using individual-level data on kindergarten enrollment and outcome measures. This relationship can be estimated using the following equation: Currently only eight states require children to enter school at age 5. Compulsory schooling does not start until age 6 in the remaining forty-two states. In addition, kindergarten enrollment was not random prior to becoming subsidized at the state level due to the fact that it was privately or locally funded. Therefore, this assumption does not hold. It is not clear in which direction the bias will occur. For example, communities that provided kindergarten before state subsidization were probably wealthier than communities without kindergarten. In addition, students who attended kindergarten by paying tuition would have generally been wealthier than non-attending children.
2 These children might be less likely to fail a grade or have better labor market outcomes regardless of kindergarten. Therefore, estimating equation (1) may lead to upward biased estimates of the effect of kindergarten enrollment. However, it was also the case that kindergarten was used by some organizations to socialize and "Americanize" immigrant children (Spodek, 1988) . Kindergarten was used to help immigrant children by providing food and clothing, in addition to education in some areas (de Cos, 1997) . In this case, it may be that equation (1) would be biased downward because these children may have been more likely to fail a grade or have worse labor market outcomes, holding everything else constant. Regardless of the direction of bias, random enrollment did not exist, and therefore ordinary least squares estimates will be biased, and an instrumental variables strategy should be employed.
Unfortunately, individual level data on kindergarten enrollment and data regarding academic and labor market outcomes do not exist from one source. However, data regarding state/cohort level kindergarten enrollment figures do exist in the Digest of Education Statistics and data on academic and labor market outcomes are available in the U.S. Census. 3 Equation (1) can be estimated by aggregating the data regarding outcomes to the state/cohort level and merging this data with the aggregated enrollment data.
Instrumental variables estimates of equation (1) Aside from policies, other time-varying factors might exist that could be correlated with student outcomes. More specifically, within-state changes in the laws affecting kindergarten need to be uncorrelated with other state-specific changes that might affect student outcomes.
However, the results are similar if state-specific cohort linear or quadratic time trends are included.
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B. Individual Level -Subgroups
Much of the early childhood literature finds clear differences in the effect of early childhood interventions on children of different genders and socioeconomic statuses (Currie (2001) ). Therefore, it is important to examine whether this is also true for kindergarten enrollment. Because kindergarten enrollment data is only available at the state/cohort level for the cohorts affected by the changes in subsidization, the above instrumental variables estimate cannot be calculated for subgroups because the enrollment data are not available in a disaggregated form. Therefore, I specifically examine how different groups of individuals are affected by the availability of state sponsored kindergarten using a reduced form approach using individual level data.
The reduced form allows the estimation of the average effect of increased availability of kindergarten on future outcomes. The following regression is run separately for boys and girls. Figure 1 demonstrates the average increase of 25 percentage point gain due to the state funding of kindergarten. However, it may be the case that different states had different proportions of children enrolled in kindergarten before and after state subsidization. These differences could be due to differences in availability due to local or private funding but it also could be due to the difference in timing. States that begun to subsidize kindergarten at a later time than other states might have more children enrolled due to increasing trends in enrollment. These differences between states change the marginal group of children who are induced to attend kindergarten due to the increased availability. More concretely, Figure This translates into a 55 percentage point increase. The marginal children in Texas, who are the children that are induced to attend kindergarten due to the increased availability and decreased cost, might be significantly different than the marginal children in Florida. Therefore, the interpretation of 2 γ is the average effect of the increased availability of kindergarten for all the changing states.
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The effect of kindergarten on different groups of children can be estimated by interacting a control variable with the indicator for state sponsored kindergarten. For example, the differences in kindergarten effectiveness between black children and white children are estimated using the following regression. 
Data and Descriptive Statistics
A. Data Sources
The primary data source used in this study is the U.S. Census 1956, 1958, 1960, 1962, and 8 It is important to include controls for birth year or age since each individual has a different window of time depending on their age for completing the outcome measure. An alternative approach would be to use a hazard model. 9 Even though it is possible to run the previous reduced form models using more aggregated data, the individual level data is used when examining the effect of kindergarten availability on subgroups. The aggregation of the data to the subgroup/state/cohort level has the potential of creating very few or no observations in particular cells. However, all results are similar. There is no change in interpretation if the data is aggregated to the subgroup/state/cohort level.
1964 these enrollment rates are linear interpolations. 10 The kindergarten enrollment in year t and the first grade enrollment in year t+1 were used to construct an enrollment ratio that approximates the enrollment rate for kindergarten in each year, t.
The date in which each state began funding kindergarten as a part of its public primary school education system at the state level was gathered by contacting each state's education department. Some of these dates were verified using information collected by Cascio (2004), Tanner and Tanner (1975) and Steiner (1972) . This study uses both short run and long run measures of effectiveness or benefit. The first outcome measure concerns whether the student failed a grade in school. 12 An indicator measure of whether the child is below grade for her age is used as a proxy for failure or grade repetition.
This measure is constructed from the Census data using the child's age and grade level and the state's cutoff date for kindergarten entry. If a child is below the grade level they should be in for their age, they are considered retained or failed. For instance, if a child should be seven years old in second grade but a seven year old is observed in first grade, that child is considered retained.
This retention measure includes individuals whose school entry was delayed by their parents as well as individuals who failed a grade and were retained by their teachers. Therefore, the available data cannot disentangle children who failed and children who entered schooling late.
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This measure is still valid as long as the rules about failing and parents' tendency to hold back their children do not change at the same time as the introduction of subsidies. Fortunately, there 10 Kindergarten enrollment data is missing for select states in select years. The results of the analysis does not change if these data are also linearly interpolated. 11 See Turner and Turner (1975) and/or Steiner (1972) . 12 Cascio (2005) and Oreopoulos, Page, and Stevens (2006) both use this proxy as a measure of educational achievement. 13 Cascio (2005) examines the validity of using this proxy and finds that the misclassification attenuates regression coefficients by 35% when the proxy is an outcome using Current Population Survey data.
is no evidence that rules regarding failure have changed or that overall standards regarding failing within the public school system have increased over time (Roderick, 1994) . In addition, parent's behavior regarding entry should not change because kindergarten is not compulsory in most states. If parents did respond at the same time as the policy change, they should be more likely to hold back their children because the children would be starting school at an earlier age.
If this occurred it would bias the estimates downwards.
There is extensive literature documenting the association between grade retention and poor later educational outcomes. 14 Roderick (1994) reports a large association between being retained and dropping out of high school. Jacob and Lefgren (2002) show that the immediate consequence of being retained is increased academic performance, but that there is no effect on later math scores and a negative effect on reading scores. This paper also uses longer run academic outcome measures, such as the educational attainment of an individual, and labor market outcomes such as wages, time spent working and employment status. 
B. Descriptive Statistics
Results -Grade Failure
A. Cohort Level -Two Stage Least Squares
The analysis begins by estimating the ordinary least squares, first stage, and two stage least squares models for the short run outcome variable, below grade for age, using the aggregate state/cohort level data. (Staiger and Stock (1997) ).
The two stage least squares result is in column 3. These estimates can be interpreted as the local average treatment effect of the enrollment in kindergarten. The estimate pertains to the children who were induced to attend kindergarten due to the decrease in cost. The point estimate of -0.083 indicates that public kindergarten attendance decreases the probability of failure by 8.3
percentage points. This relationship is statistically significant at the five percent level and translates into a 64 percent reduction in repeating a grade. It is also worth noting that this estimate is larger than the point estimate found by Cascio (2004) , but her sample is significantly smaller and is disaggregated by race.
B. Reduced Form by Gender
The results from the preceding section show a statistically significant negative relationship between attending kindergarten and failing a grade in school. These results are consistent with the literature regarding kindergarten but only answer the question about the average effectiveness of kindergarten. Much of the literature regarding preschool has shown that very specific groups of children are affected the most by early education interventions.
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Therefore, it is important to examine which children specifically benefit from the introduction of kindergarten into the public primary school system. By using the reduced form analysis and by estimating equation 4, these issues can be investigated. The difference between boys and girls is not statistically significant. This is an interesting finding because conventional wisdom and previous literature find differences between boys and girls in terms of effects of early childhood education (Cannon, Jacknowitz and Painter, 2004) .
Using this metric, there is little evidence of this.
The IV estimates of Table 3 specifically measures the effect of enrolling in kindergarten on grade failure for the group of children who were induced to attend kindergarten due to state subsidization. These reduced form estimates can be interpreted as the average effect of increasing kindergarten availability by state subsidization on grade repetition. The instrumental variable estimates should always be larger in magnitude than the reduced form estimates since the first stage estimate will be a positive fraction.
18 See Cannon, Jacknowitz and Painter (2004) , Currie (2001) , Gormley and Gayer (2003) and Spiess, Büchel and Wagner (2003) .
C. Reduced Form by Race
I next explore the possibility that children of different races are affected differently by the introduction of state subsidized kindergarten. In this case, the sample is limited to children who are either white or black. The dummy variable of whether the child is black is interacted with the dummy variable for state sponsored kindergarten. There is significant evidence that children of different races are affected differently by the introduction of kindergarten into public school. This difference may be caused by the alternative situations children of different races face when kindergarten is not subsidized. If a child has access to high quality childcare in the absence of subsidized kindergarten, kindergarten attendance may not be as beneficial for that child.
D. Reduced Form by SES
A greater benefit to children of lower socioeconomic status has been noted in previous research. Head Start and the pre-K program in Oklahoma have both shown the most effect on children of lower socioeconomic statuses (Currie (2001) and Gormley and Gayer (2003) ).
Section 4C focuses on racial differences in the effectiveness of the introduction of publicly funded kindergarten, while holding socioeconomic status constant. This section will examine the different effects of kindergarten on children of different socioeconomic statuses. Table 6 examines the effect on males and finds similar results. Only the poorest two quartiles of SES were affected by the introduction of state sponsored kindergarten. The poorest quartile is 6.5 percentage points, or 26 percent, less likely to fail whereas the second quartile students are 2.1 percentage points, or 13 percent less likely to do so.
The richest two quartiles show no effect. 
E. Reduced Form by Relative Age
The final grouping of students is between children of dissimilar relative ages. There is a rich vein of literature discussing at what age children are ready to enroll in kindergarten or the appropriate age for beginning school. 19 However, a child's absolute age is not the only factor in determining her success in kindergarten and beyond. A child's age relative to her classmates may matter in terms of how much benefit that child receives from early childhood education.
Recently, economists have shown that the relatively oldest children in a grade are more likely to
(1) score higher on standardized math and science exams, (2) become high school leaders,
19 See de Cos (1997) for a thorough review of literature pertaining to kindergarten readiness. take college entrance exams, and (4) attend university immediately after high school. 20 It is important to examine the effects of a child's relative age in relation to the benefits of kindergarten enrollment.
The state's cutoff date and individual's quarter of birth are used to construct a measure of relative age (Q) for each individual. The state's cutoff date was collected using historical state statutes and session laws. Given an absence of information regarding a statewide cutoff date in some states, no accurate measure of relative age can be assigned. Therefore, missing values are assigned to these children. If statewide cutoff data exists, the relative measure is constructed as follows: Q1 = 1 for students born in the last quarter of the calendar year, which would make them the relatively youngest students prior to the cut-off; and Q1 = 0 otherwise. Q2, Q3, and Q4
are similarly defined for each subsequent quarter of birth. For example, using an October 1 st cutoff, children born between July 1 and September 30 are the youngest (Q1 = 1), while children born between October 1 and December 31 are the oldest (Q4 = 1).
Ideally, the data would contain each individual's birth date. However, due to data restrictions, only the quarter of birth of the individual is provided. Therefore, this study only uses the quarter of birth measure for states that have a cutoff date of either January 1 or October 1.
Other cutoff dates are inaccurate in assigning the relative age measure because it is unclear which children are relatively the oldest or youngest. For instance, if the cutoff date is November 1, children born in the last quarter of the year may either be the relatively youngest (if they are born in October) or the relatively oldest (if they are born in November or December). Table 7 reports the coefficient from the interaction of the relative quarter of birth measures with the indicator variable for state sponsored kindergarten. The results for female students are reported in column 1 and displayed graphically in Figure 3 , Panel A. The results show a downward pattern from a 2.6 percentage point decline for relative quarter 2 to a 1.7
percentage point decline for the oldest, relative quarter 4. However, the relatively youngest students are affected at a magnitude similar to the relatively oldest students.
The results for males reported in column 2 and displayed in Figure 3 , Panel B show a similar pattern. The point estimates indicate that the introduction of kindergarten into the public primary school increases the failure rate for the relatively youngest males and decreases the failure rate between 2 and 3 percentage points for the other three quarters with a declining 20 See Bedard and Dhuey (2006) , Datar (2003) , Dhuey and Lipscomb (2005) , and Fredriksson and Öckert (2004 The patterns observed meet expectations, given the previous literature regarding relative age effects. The relatively youngest children are often at a disadvantage in terms of academic outcomes. Kindergarten attendance may level the playing field since it emphasizes socialization and school readiness, the very areas in which the relatively youngest are disadvantaged.
However, the increase in failure rates for the relatively youngest males and the small magnitude of the results for the females is surprising.
The enrollment behavior of 5 year olds before and after state-funded kindergarten is examined because the positive or smaller results for the youngest boys and girls may be due to selection into kindergarten. Appendix Table 1 reports the results from the analysis using the same independent variables as before but uses an indicator for whether the child is enrolled in school as the dependent variable. This analysis uses only five year olds in the fall of 1959, 1969, and 1979 from the 1960, 1970, and 1980 Census. The analysis is run separately for males and females and for the January 1 and October 1 cutoff dates. The enrollment patterns of children with different relative ages are quite different and can be seen graphically in Appendix Figure 1 .
The difference in starting age makes a large difference in parental enrollment decisions.
The measure of below grade for age is a proxy for failure rates since it is unable to disentangle whether a child has failed a grade or whether the child's parents purposely delayed entry for that child. It has been shown that the parents have purposely delayed entry for children of the relatively youngest quarter in states that have a cutoff of January 1. Therefore, the estimates of the effective reduction of retention rates by relative quarter underestimate the effect for the relatively youngest quarter.
Despite the significant effects that relative age has on academic outcomes, there is less evidence that it influences the benefit the child receives from kindergarten enrollment. The relatively youngest students do seem to benefit more than the relatively oldest children but this comparison is small in relationship to the black/white difference or the difference in socioeconomic status. This explanation may be related to the previous one regarding alternative childcare options when kindergarten is not available or is too expensive. Childcare options are not related to a child's relative age; therefore, a child's relative age may have little impact on the effectiveness of kindergarten outside the increased socialization and school readiness that kindergarten provides.
Results -Long Run Outcomes
A. Cohort Level -Two Stage Least Squares
The remainder of the paper focuses on longer run outcomes. Table 8 reports the results for all equations of interest for the longer run outcome variables. Column 1 reports the OLS result for the impact of enrollment in kindergarten on the outcome variable. Column 2 displays the coefficient 2 δ from the first stage estimated by equation (2). Lastly, column 3 shows the two stage least square estimates for 2 β , using the introduction of state subsidization of kindergarten as an instrument for kindergarten enrollment.
The only statistically significant results obtained using the collapsed state/cohort level data are the first stage result and the results for 9 th and 10 th grade completion. The first stage coefficient is a 30.6 percentage point increase in the enrollment after state funded kindergarten is introduced and is tightly estimated. Column 3 coefficients indicate that enrolling in kindergarten will increase 9 th and 10 th grade completion by almost 1 percentage point. The point estimates for all other outcome variables are too noisy to interpret.
B. Reduced Form by Gender
The earlier results on grade repetition indicate that there are large differences in the benefit from kindergarten between subgroups which may hold true for longer run outcomes.
Once again, the kindergarten enrollment data can not be disaggregated. Hence, the reduced form specification is used to estimate the average effect of increased kindergarten availability on different groups of individuals. Table 9 reports the results from the reduced form equation (4) The point estimate indicates that the increase of availability due to the introduction of kindergarten into the public primary school system increases high school graduation rates by 0.8 percentage points. Similar results are reported for 9 th grade through 11 th grade completion rates.
The increase in availability of kindergarten increases high school graduation by about 8 percent.
Panel B reports a statistically significant and positive result for employment status but no other results are significant. The educational attainment results for the female sample reported in column 1 are similar in magnitude to those of the males. However, the female results contain a puzzling outcome, indicating that after kindergarten becomes state funded, female students are less likely to earn a B.A. degree. The labor market outcome measures are reported for the sample of women but these results should be interpreted cautiously due to many changes in the women's labor market during this time period. Overall, there are three significant results, usual hours, usual weeks worked, and yearly income which are negative. Therefore, there are some effects on school completion rates and labor market outcomes due to the increase of kindergarten for both males and females. Table 9 but with slightly less precision in the high school graduate model in the male sample. The interaction variable between black and kindergarten is not statistically significantly different from zero in any of the four models. Column 5 shows no statistically significant results for the outcome variable some college. Column 6 contains an unexpected outcome. It indicates that after kindergarten became state funded, black students were less likely to earn a B.A. degree 21 .
B. Reduced Form by Race
Columns 8-12 report the results for the labor market outcomes, employment status, usual hours works, weeks worked, total yearly income, and ln of hourly wage. All of the labor market outcomes except employment status are conditional on being employed. These models are the same as the academic outcome models, though the individual's current region of residence, marital status, and domicile in or outside a city are also held constant. There are two points worth mentioning for the male sample. First, the result for employment status is positive and significant for the coefficient on the indicator for kindergarten and negative and significant for the coefficient of the interaction variable. These differences may be due to the differences in the marginal children. Second, the point estimates for both yearly income and log hourly wage models are positive and statistically significant. The point estimate of 0.035 for the interaction in the log hourly wage model can be translated into a 3.5 percent increase in wages for black individuals due to an increase in the availability of kindergarten seats in the public primary school educational system. Again, the labor market outcome measures are reported for the sample of women but these results should be cautiously interpreted.
Conclusion
The introduction and subsidization of kindergarten in the public primary school education system allows us a unique opportunity to analyze the benefits of the largest implementation of an early childhood education program in recent history. The effect of kindergarten on a variety of academic and long run outcomes can be calculated by using the large increases in enrollment due to state subsidization assuming that state subsidization influences outcome measures only through its effect on enrollment. The subsidization of kindergarten decreased failure rates primarily for low income and black children and increased the future wages of black individuals.
A possible explanation for these results is that the children who benefited most were the children who received lower quality care as a substitute for attending kindergarten. The subsidization of kindergarten helped level the playing field for the children least likely to receive high quality childcare in the absence of state supported kindergarten.
Overall, the finding that only the select groupings of children gain from kindergarten attendance is important because it suggests that targeting early childhood interventions for the most affected children would yield significantly more benefits per tax dollar spent than providing publicly funded schooling for all. 
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Heteroskedastic-consistent standard errors are in parentheses and are clustered at the state level. Bold (Italic) coefficents are significant at the 5 (10) percent level or better. All models include fixed effects for birth year and state of birth.
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